The primary aim of the long-term study reported here was pine (Pinus elliortii var. densa Little & Dorman) and sawto determine how best to utilize the heavily cutover pinepalmetto, occasional other shrubs, and numerous herbaceous wiregrass ranges which are grazed yearlong by beef cattle in species of which pineland threeawn is the most abundant (Fig. south Florida. Beef production and vegetational response to 1).
rates of cattle stocking were observed over a 14.year period.
The area is typical of the cutover flatwoods of south
The study deals mainly with Brahman cattle of the type Florida, with the pine-palmetto type comprising 75% of the area, wet prairie IO%, and fresh-water marsh, or pond, 15% grown in Florida and with understory vegetation dominated (Hfimon, 1964 Of the approximately 50 cows on test, the average cow in 1963 was only 17 pounds heavier than (and in other ways appeared similar to) her 1956 counterpart.
At the beginning of each calibration period, sufficient cows were selected to provide animals for all experimental herds including those needed for adjustment of the stocking rate. As it turned out, very few animals once on grazing schedules were culled or replaced.
In most instances, evaluations of cow performance are based on cows which remained on test the full number of years. Cows continuously on range during the two phases of the study varied from 22 to 23 in pastures stocked at the high rate, 14 to 15 in pastures stocked at the medium rate, and 8 to 10 in pastures stocked at the low rate. A complete salt-mineral was fed on a free-choice basis throughout the year, in sheltered mineral boxes. During the second phase of the study and apart from the main investigation, an informal study was undertaken on the effect of improved pasture supplement for beef production. For this test, 20 Brahman-Angus cows were split randomly into two herds and assigned to the two "extra" ranges. These cattle had access to 8 acres of study plots fertilized with rock phosphate for 8 months of the year and 10 acres of firebreaks composed of Pensacola bahiagrass (Paspalum notatum var. saurae Perodi.) for 4 months.
Vegetational Surveys
Quantitative information on the vegetation was obtained by modification of the weight estimate method described by Pechanec and Pickford (1937a, b) and the double sampling procedures described by Wilm et al. (1944) . Studies on methodology conducted during the course of the study (Hilmon, 1959; Hilmon et al., 1963) provided adaptations and refinements.
Pine-palmetto upland and wet prairie were surveyed separately. Fresh-water marsh, or pond, was not sampled because of sparse vegetaton, flooding, and other inherent sampling difficulties.
The upland type was divided into four subunits per range. Two random clusters of four plots, each containing 9.6 ft2, were sampled in each subunit. Only two clusters per range were located in the less extensive wet prairie type. The double sampling method was used in obtaining herbage weight for six major species or groups of species on each plot.
During the first phase, plots were established and initial measurements obtained before cattle entered a range and at intervals during a grazing period. Cages were installed to provide ungrazed vegetation.
Nearby uncaged plots provided residual or grazed vegetation.
Final measurements were made immediately after the end of the grazing period. During the second phase, measurements were taken only when cattle were rotated to different pastures.
Forage production and utilization were sampled at the following times: (1) 4 months after burning over a 4-year period starting in 1957 and (2) 7 and 19 months after burning over a 5-year period starting in 1964.
A total of 63 condition and trend transects were installed in the pine-palmetto type in 1956 and were remeasured in 1961 or 1962. Installation and sampling were according to methods described by Parker (195 1) and Parker and Harris (1959) . For sampling, four clusters of plots per ecological type were randomly located on aerial photos with a dot grid. All measurements were taken in late summer at least 1 year after range burning.
Results and Discussion

Forage Production and Utilization
When sampled 4 months after burning, pineland threeawn was most productive in pastures stocked at the high rate and least productive in those stocked at the low rate. Production of other herbage responded in reverse order such that total herbage production averaged out about the same for all rates. Production at 4 months was less than 400 lb per acre. At 7 months after burning, rate of stocking did not have a significant effect on production.
Pineland threeawn averaged about 500 lb per acre, other grasses 200 lb, and total herbaceous vegetation 1,000 lb. At 19 months, the production of pineland threeawn was least in pastures stocked at the high rate and greatest in those stocked at the low rate, whereas the production of other herbage reversed this trend. Hence, as at 4 months but in an opposite direction, the trend of pineland threeawn tended to be offset by the trend of the other herbaceous vegetation such that total production of herbaceous vegetation did not show a significant response to rate of stocking. Pineland threeawn  63a  52a  46a  Miscellaneous grasses'  71a  59ab  49b   15a  13a  10a  51a  31b  7c  Total grasses  65a  56ab  45b  3oa  57a  25b  13c   20ab  14b  Grasslikes  2ga  Forbs  61a  47ab 4ob   13ab  8b  25a  22ah  7b Total herbage 5ga 52a 41a 31a 17a 10a
'Within a time period for a particular species or group, means followed by the same letter are not significantly different at the 5% level by Duncan's multiple range test. 2 All grasses other than pineland threeawn.
varied from 1,350 to 1,500 lb per acre.
Some herbage is produced year-round, but season of burning has a profound effect on herbage growth. When measured at 7 months, range burned in the spring contained about twice as much growth as range burned in the fall. These results are in accord with those from other studies which had shown that forage yield is influenced markedly by growing season and month in which the range is burned (Lewis, 1964) .
After a recovery period of 19 months, however, season of burning had little or no effect on production, with a few exceptions. Grasslike species were almost twice as productive on range burned in the spring, whereas miscellaneous grasses were slightly more productive on range burned in the fall.
Total production at 7 months averaged 600 lb on range burned in the fall and 1,300 lb on range burned in the spring; a year later, it averaged 1,400 lb, regardless of season of burn. During both years, more than half the herbaceous vegetation was composed of pineland threeawn, regardless of whether the range was burned in the spring or in the fall.
When measured in March, 4 months after burning, utilization of pineland threeawn was somewhat higher than planned on ranges with medium and low rates of stocking: 51% at the low rate, 60% at the medium rate, and 70% at the high rate. Utilization of total herbaceous vegetation averaged 46% at the low rate, 54% at the medium rate, and 66% at the high rate. These trends seemed to indicate that using pineland threeawn to adjust stocking rate probably did not reflect true grazing pressure.
Comparable estimates 7 and 19 months after burning did not reveal a significant response to rate of stocking. Lack of response was attributed to declining palatability of the wiregrass-type vegetation was time after burning.
For several species and groups, however, utilization at 7 and 19 months did vary by rate of stocking (Table 1 ). The most sensitive of these appeared to be grasslike species on first-year rough (7 months' growth) and miscellaneous grasses on rough burned the year previously (19 months' growth).
Because grasses comprised the bulk of the herbaceous vegetation, estimates of their use probably approximated actual range use most closely. Approximations of the use levels (%) necessary to achieve the three rates of stocking during the first and second years after burning were as follows: Apart from the effect of rate of stocking, utilization of pineland threeawn 7 months after burning averaged 67% on halves of ranges burned in October and only 40% on halves burned in April. Utilization (%) of species and groups with a similar trend during the first year was as follows: Samples collected 19 months after burning indicated that use of pineland threeawn had dropped sharply on ranges burned in both spring and fall and averaged only 13%. All other sampled species and groups responded similarly.
Composition of Vegetation
Percentages of the total herbage provided by pineland threeawn 4, 7, and 19 months after burning on ranges stocked at the various rates were as follows:
Stocking rates
(Within each time period after burning, means followed by the same letter are not significantly different at the 5% level by Duncan's multiple range test.) The large increase between 4 and 19 months on pastures stocked at the low rate was apparently due to little or no use of pineland threeawn and to the continuing growth habit of this species. In a 2-year burning cycle, grazing of pineland threeawn is limited almost entirely to early spring of the first year-growth becomes wiry and unpalatable by May or June (Leithead et al., 1971) . Conversely, the advantage that other species had on freshly burned pastures stocked at the low rate diminished rapidly with time from burning.
An inspection of annual rainfall records' during the period of study indicated that pineland threeawn responded adversely to heavy precipitation. Throughout its distribution, this grass is known to thrive on deep sands and yet to withstand considerable flooding. The highest percentage of pineland threeawn (60) occurred with the least rainfall (33 inches), and the least percentage (47) occurred with the most rainfall (70 inches).
The best time to assess composition was soon after burning, insofar as variability between samples was concerned. In harvests 4 months after burning, the coefficient of variation was much less than in subsequent harvests: 4 months, 3.2%; 7 months, 30.8%; and 19 months, 20.4%.
On condition and trend transects, percentage of cover provided by herbaceous vegetation in range stocked at the low rate increased from 25 to 35 over a 5-year period (Table 2) . Pineland threeawn meanwhile decreased from 11 to 8% cover, and other grasses-among them bluestems and panicumsincreased from 10 to 18%. Grasslikes also underwent a significant increase.
Cover remained mostly unchanged (near 25%) on the range stocked at the high rate. Total 100 100 100 100 1Upla"d 2.year rough Of pine-palmetto inventoried in *"gut an* September. *wage Of 27 franSeCtS in range unit 1 (high rate) and 36 tra"SeCtS in range unit 8 (low rate).
condition mnre or less characterized all herbaceous components. These results, together with those obtained in the production-utilization surveys, indicate that the range was not damaged by frequent burning and heavy grazing. Low palatability provides a natural rest from grazing between burns, and this rest obviously enables wiregrass-type range to maintain vigor under continuous year-round use.
This response is contrary to the responses reported by Halls et al. (1956) for wiregrass ranges in south Georgia with light (30%), moderate (44%) and heavy (65%) utilization of herbage. There, pineland threeawn showed its greatest decline on ranges moderately to heavily grazed and a slight increase on lightly grazed ranges. These findings, however, were influenced by a tree overstory which was mostly absent in the present study and by major differences in site quality.
Shrubby vegetation increased with time on range stocked at both the light and heavy rates: 31% at the high rate and 13% at the low rate. Saw-palmetto increased by 42% on range stocked at the high rate and by 15% on range stocked at the low rate.
As a group, the shrubs, though not generally palatable to livestock, included several species that are important to wildlife, especially deer (Harlow, 1961) and quail (Laessle and Frye, 1956 ). Important species were mainly dwarf waxmyrtle (Myrica pusilZa Raf.), ground blueberry (Vaccinium myrsinires Lam.), gallberry (Ilex &bra (L.) A. Gray), and saw-palmetto. Fruits of saw-palmetto are relished by deer and turkey (Schemnitz, 1956) .
Composition of the vegetation grazed at the high rate (Table 3) generally reflected the static condition recorded for herbaceous ccwer (Table 2 ). This similarity was expected because the history of the experimental area is known to be one of frequent burning and heavy use by livestock. Pineland threeawn and the panicums decreased insignificantly on this range, and the bluestems were unchanged.
There were compositional changes, however, in the range grazed at the low rate. Both bluestems and panicums increased, whereas pineland threeawn decreased sharply. Common among the bluestems were three species rated as good forage by Hilmon (1964) : chalky bluestem, yellowsedge bluestem, and creeping bluestem. The panicums as a group produce high-quality forage, though in limited amounts; they also produce some green feed for cattle during the winter and comprise an array of species important to wildlife, especially quail (Laessle and Frye, 1956 ).
Calf Production
Over a 10.year period, percentage of weaned calves averaged 48 on range stocked at the high rate, 54 on range stocked at the medium rate, and 50 on range stocked at the low rate. Differences between rates were not significant. Cows tended to calve in alternate years, regardless of stocking. Of the 231 instances of cows suckling calves, for example, only 14 (or 6%) involved calving in two successive years. Conversely, of the 166 cows that were dry during a breeding season, 149 weaned a calf in the succeeding year.
The overall diet of native forage obviously did not meet nutritional requirements for cows suckling calves. Cows calving in successive years averaged 20 lb lighter on the second weaning date than on the preceding one. The second calves, too, were smaller than those of the preceding year, by 50 lb.
Calf losses were substantial~more than 6% of the known conceptions. Losses were greatest among herds in the high rate of stocking. Twelve of the total of 16 losses, including 9 of the 10 calves classified as too weak to suckle, were from herds stocked at the high rate.
Cows weaning calves averaged 48% during the first phase of the study and 55% during the second phase. The improvement, though meager, probably reflects interim management changes such as availability of fresh burns twice a year, increase in level of supplemental feeding from 65 to 125 lb, and the l-monthearlier date for calf weaning (Fig. 2) .
Throughout the study, weaning weights were significantly less on range stocked at the high rate (Table 4) . Birth weights-either actual or after adjustments for sex~were similar and averaged 55 lb. Cows stocked at the high rate calved later than the others during the period 1958.1963 but not after the management change. Thus, lower weaning weights at high stocking were primarily attributable to daily gain, which was significantly less than at low stocking.
Growth of calves at all stocking levels was related to time after burning (Fig. 3) . Rate of gain decreased from April to May as time after burning increased from 16 to 18 months, increased sharply in June following the shift of cattle to more recently burned range on June 1, and then declined in July and August on range grazed 7 to 9 months after burning. On wiregrass range burned in winter, it is usual for calves to gain most rapidly in the spring, continue to gain at a slightly reduced rate through the summer, and then gain less rapidly in the fall (Southwell and Hughes, 1965) .
Quality of calves, as well as their size, was undoubtedly influenced by the different stocking rates and management practices applied during the two phases of the study. Slaughter grades increased with each decrease in the stocking rate-from high utility to medium standard during the first phase and from low standard to high standard during the second phase (Table 5 ). In terms of dollar value per pound of beef, the change was not great, averaging less than $2 per 100 lb between high and low rates and less than $1 per 100 lb between phases of the study.
The change in management practices also had an apparent beneficial effect on value of weaned calves as well as cash return per acre. Practices begun in 1964 were followed by an increase from $82 to $89 per calf and from $1.76 to $2.12 per acre. Even so, the dominant factor influencing income was the Sale price per calf increased conversely with rate of stocking (Table 6) , as did size (Table 4 ) and slaughter grade (Table 5 ). The increases were considerable, amounting to $17 per calf during the first phase and $25 per calf during the second phase. On a per-acre basis, however, the response was reversed; income increased with each increase in rate of stocking.
Again, the differences between rates were considerable-as much as $1 (83%) per acre per year. tendency of all cows to calve in alternate years. Substantially increased beef production was provided by cattle on range supplemented with improved pasture. South Florida is well suited to the production of improved pasture, and this is one of the most economical methods of furnishing most of the nutrients needed by beef cows (Chapman and Kirk, 1968) . As an example, the following tabulation compares beef production on ranges grazed at the high rate of stocking and on comparably grazed range supplemented with limited pasture: 1958-1961, paralleled the elapsed time after burning: from the 16th when weights were taken at monthly intervals (Fig. 4) . Throughout the spring and summer, lactating cows stocked at through the 18th month during the spring and from the 7th the low rate were heavier than those stocked at the medium rate, and those stocked at the medium rate were heavier than through the 9th month during the summer. The older rough those stocked at the high rate. Weight differences averaged about 10 lb between cows stocked at the low and medium undoubtedly had an adverse affect on condition of cattle.
rates and 45 lb between cows stocked at the medium and high rates. Although there was a downward trend in weights of all cows from March through August, losses were greater before July than afterward. , / PERlOD ,
In contrast, cows with access to both range and pasture in the supplemental study were consistently heavier than cows SONDJFMb,MJJAS MONTH with access only to range, despite higher percentages of calving for the former (Fig. 6 ). Among cows that calved, those with mlves, 1938-1963 (o"erqeofsixherdsfor 5years,. range plus limited pasture weighed 80 lb more than their counterparts in May and 60 lb mope in August.
Chemical analyses of forage samples collected during the Conclusion course of the study had shown a continuing decline in nutritive content with elapsed time after burning (Hilmon and Guides to better utilization of wiregrass range were obtained through observations on effect of rate of stocking. and Lewis, 1962) .
Weight losses during the winter averaged more than 100 lb for cows that calved (Fig. 5) . These losses represent birth weight of the calf and other losses incidental to calving. By breeding time, cows suckling calves had regained only a small proportion of the loss, regardless of the assigned stocking rate. During the breeding period, these cows were generally losing ox else barely maintaining their weight.
Dry cows-those that nursed calves the preceding ~ummer~ were in very poor condition at the start of the supplemental feeding period. They gained during this period and continued to gain during the breeding season.
Almost identical seasonal trends as those noted above persisted after revision of the plan of cattle management in 1964. Weights and weight changes of cows with and without calves followed a similar pattern.
Death losses among cows averaged 2% per year but did not appear to be correlated with rate of stocking. The one loss from starvation, as well as the two losses of weak cows bogged in a pond, however, occurred in pastures stocked at the high rate.
season of bu&g.
The most palatable forage species, pa&u-larly bluestems and panicums, were favored by reduction in rate of stocking. Cattle continued to select these species throughout the growing season and leave pineland threeawn to mature and complete its growth requirements.
Two of the bluestems, chalky bluestem and creeping bluestem, are among the most valuable native grasses in Florida. They provide excellent forage yearlong and are also excellent for winter roughage when supplemented with protein.
Weight changes of cattle emphasize the limited quality of the native forage. Even with a reduced rate of stocking such that the amount of wiregrass forage per animal is not limiting, the native range appaiently needs to be supplemented with other forage or feed much of the year if a high level of herd productivity is to be obtained.
In south Florida where vast areas are used for grazing only, increasing the calving percentage offers most promise for improving the productivity of range herds. Providing about half the diet through the grazing of improved pasture in combination with wiregrass range offers one method of obtaining satisfactory percentages of calving and weaned weights.
Combined use of native and improved forages provides for greater flexibility in management of livestock and forage. For example, heavy use of pineland threeawn when palatable in the spring may be followed by a deferment of all grazing on native forages until seeds of the bluestems and other important native grasses mature; such a deferment should encourage a natural increase of the better grasses. The semitropical conditions of Florida favor use of a variety of forages to meet year-long herd requirements.
